Ovarian cancer is a gynecological malignancy worldwide. Long non-coding RNAs (lncRNAs) research is an emerging area in cancer studies, but little is known about lncRNA metastasis associated lung adenocarcinoma transcript 1 (MALAT1) in ovarian cancer. This study aims to investigate expression and roles of MALAT1 in ovarian cancer. MALAT1 level was detected in 20 ovarian cancer patients. MALAT1 expression was promoted by transforming growth factor β1 (TGFB1) treatment and inhibited by siRNA transfection in human ovarian cancer cell line SK-OV-3, after which changes in cell viability, proliferation, migration and invasion were analyzed by MTT, colony formation and Transwell assays. Protein levels of mitogen-activated protein kinase factors, including MAPK kinase 1 (MEK1), extracellular signal-regulated kinase (ERK1), p38 and c-Jun N-terminal kinase 1 (JNK1), were detected by western blot. Results showed that MALAT1 was significantly up-regulated in ovarian cancer tissues compared to adjacent normal tissues (P < 0.001), and its expression was correlated to tumor size (r 2 = 0.7770, P < 0.0001) and metastasis. TGFB1 and siRNA successfully altered MALAT1 levels in SK-OV-3 cells. Knockdown of MALAT1 suppressed SK-OV-3 cell viability, proliferation, migration and invasion (P < 0.05), and inhibited phosphorylation of MEK1, ERK1, p38 and JNK1, which suggested that MALAT1 promoted ovarian cancer cell proliferation, migration and invasion, and that MAPK pathways might be one of the regulatory mechanisms of MALAT1. This study reveals that MALAT1 is a potential biomarker for tumor growth and metastasis, as well as a promising therapeutic target in ovarian cancer, facilitating further ovarian cancer research.
Ovarian cancer is a gynecological malignancy with high morbidity and mortality. There are about 21,980 new cases and 14,270 deaths in USA in 2014 [1] . The majority of ovarian cancer is epithelial origin, and few cases are developed from sex-cord stromata, germ cells or other cell types [2] , thus the ovarian epithelium is generally considered to be the primary location of ovarian cancer. A theory on ovarian cancer etiology is that incessant ovulation involving repetitive activities of the ovarian epithelium is a risk factor for ovarian cancer, which is supported by studies on oral contraceptives [3] . However, adverse side effects of oral contraceptives should be taken into consideration. Besides, no valid correlation has been found between ovarian cancer and the use of fertility drugs [4] . Surgery options, such as salpingectomy at the time of hysterectomy, are recommended to ovarian cancer patients [5, 6] . But it remains a thorny problem to uncover the molecular mechanism of ovarian cancer and to find effective treatment strategy.
Given the molecular diversity and complexity of ovarian cancer, molecular research are necessary for the improvement in therapeutic outcomes [7] . microRNAs and other effective regulators of gene expression, as well as a number of vital genes and pathways, have become hotspots of ovarian cancer research in recent years [8] . Mitogen-activated protein kinase (MAPK) signaling, for instance, mainly includes extracellular signal-regulated kinase (ERK)/MAPK, p38 (alias MAPK14)/ MAPK and c-Jun N-terminal kinase (JNK)/MAPK pathways, is involved in modulating ovarian cancer cells [9] . Some very recent studies focus on the association of long non-coding RNAs (lncRNAs) ranging in length from 200 nt to 100 kb, which were previously considered as "dark matter" of the transcriptome. The functions of lncRNAs in regulating gene expression during human cancers are gradually uncovered [10] , among which HOST2 and PVT1 participate in the development of ovarian cancer [11, 12] .
Metastasis associated lung adenocarcinoma transcript 1 (MALAT1) is a lncRNA that relates to several types of cancers based on existed studies, and its overexpression is associated with unfavorable overall survival in non-small cell lung cancer, pancreatic cancer, gastric cancer and bladder cancer [13] . In the microarray analysis of lncRNAs, MALAT1 is aberrantly expressed in different ovarian cancer cell lines [14] . Still little is known about the role of MALAT1 in ovarian cancer. This study aims at investigating the expression and effects of MALAT1 in ovarian cancer. We detected MALAT1 expression in cancer and normal tissues of ovarian cancer patients and performed transforming growth factor β1 (TGFB1) treatment and siRNA transfection to alter MALAT1 expression in human ovarian cancer cell line SK-OV-3. Cell ,,viability, colony formation, migration and invasion were analyzed. This study reveals MALAT1 as a promising target for ovarian cancer treatment, which will facilitate lncRNA research in ovarian cancer.
Materials and methods
Tissue sampling. The ovarian cancer and the adjacent normal tissue samples used in this study were collected from patients diagnosed of ovarian cancer and hospitalized from April 2014 to April 2015. The patients received surgical resection but not chemotherapy or radiotherapy. The patients were divided into two categories based on their in situ or metastasis ovarian cancer. Ten patients with in situ ovarian cancer aging from 30 to 67 (48.2 ± 4.1) and ten patients with metastasis ovarian cancer aging from 27 to 69 (50.5 ± 4.5) were randomly chosen from each category, with no significant difference between the age of the two groups (P > 0.05). The tumor size was measured. The cancer and normal tissue samples were immediately stored at -80°C for RNA extraction. This procedure was approved by the research ethics committee of the hospital and the patients were informed before tissue sampling.
Cell culture. Human ovarian cancer cell line SK-OV-3 (ATCC, Manassas, VA) was cultured in Roswell Park Memorial Institute-1640 medium supplemented with 10% fetal bovine serum (FBS), 100 U/mL penicillin and 100 μg/mL streptomycin (Gibco, Carlsbad, CA). The cells were incubated in humidified atmosphere with 5% CO 2 at 37°C [15] . The medium was changed every three days.
TGFB1 treatment and siRNA transfection. The cultured cells were divided into four groups: TGFB1 (cells treated with TGFB1 to promote MALAT1), blank control (cells as the control for TGFB1 treatment), si-MALAT1 (cells transfected with MALAT1 siRNA), and si control (cells as the control for MALAT1 knockdown).
TGFB1 was used in this study to promote MALAT1 expression according to a previous study [16] : The TGFB1 human recombinant protein (Peprotech, Rocky Hill, NJ) was dissolved in 10 mM citric acid solution (pH 3.0) and added in TGFB1 group to a final concentration of 0.5 ng/mL. The cells were treated by TGFB1 for 36 h until the following experiments. For blank control group, the same amount of citric acid solution was added to the cells for the same treating duration.
The MALAT1-specific siRNA (Sigma-Aldrich, Shanghai, China) was transfected to SK-OV-3 cells of si-MALAT1 group by Lipofectamine RNAiMAX (Invitrogen, Carlsbad, CA) according to the manufacturer's instruction. Briefly, the cells in the logarithmic phase were seeded in 6-well plates at 24 h before transfection. The confluence of cells reached 90% and serum-free medium was used for transfection. At 6 h after transfection, the medium was changed into complete medium. The cells of si control group were transfected with scramble siRNA (Sigma-Aldrich) as a control.
Cell viability assay. Cell viability was measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) method according to a previous study [17] . Cells in the logarithmic phase of each group were seeded in 96-well plates (1 × 10 4 cells/well) and cultured in humidified atmosphere with 5% CO 2 at 37°C. At 0, 24 or 48 h after transfection, 20 μL of 0.5% MTT (Sigma-Aldrich) was added to each well and the cells were incubated for another 4 h. Then the medium was discarded and 100 μL of dimethyl sulfoxide was added, and the plates were shaken gently to dissolve formazan. The optical density at 570 nm was detected with a microplate reader (Bio-Rad, Hercules, CA).
Colony formation assay. Colony formation assay was performed to assess the proliferation ability of SK-OV-3 cells. Cells in the logarithmic phase were digested to single-cell suspension by trypsin (Sigma-Aldrich). The cell suspension containing 200 cells were seeded in 6-cm culture dishes with complete medium, and the plates were incubated in humidified atmosphere with 5% CO 2 at 37°C for two weeks. Then the medium was removed and the plates were washed gently by phosphate buffered saline (PBS) twice, after which the cells were fixed by methanol for 15 min and stained in Giemsa (HarveyBio, Beijing, China) for 20 min. After washed, the cells were air-dried, and colony number of each group was calculated.
Transwell assay. At 48 h after TGFB1 treatment or si-MALAT1 transfection, the cells were used for Transwell assay. For cell invasion assay, the upper chamber of Transwell (pore diameter = 8 μm, BD Biosciences, San Jose, CA) was pre-coated with Matrigel (BD Biosciences) and incubated at 37°C for 30 min for gel formation, after which the gel was infiltrated by serum-free medium for 2 h. The cells were digested and resuspended in serum-free medium to a density of 5 × 10 5 cells/mL, and 100 μL of the cell suspension was seeded in the upper chamber. The lower chamber was filled with medium containing 20% FBS, and then the chambers were incubated at 37°C for 24 h. After the incubation, the medium of the upper chamber was removed, and the cells remained in the upper chamber were wiped out with a cotton swab and washed with PBS. The cells on the lower side of the membrane were stained with crystal violet (Beyotime, Shanghai, China) for 20 min and counted under an optical microscope (Olympus, Tokyo, Japan). For cell viability assay, the same procedures were performed but without the use of Matrigel.
qRT-PCR. The tissue or cell samples were lysed and RNA was extracted by Trizol (Invitrogen) according the manufacturer's instruction. Protein and DNA contamination in RNA samples was eliminated by RNA Purification Kit (TIANGEN, Beijing, China). Total RNA (1 μg) was used for the complementary DNA synthesis under the catalysis of PrimeScript Reverse Transcriptase (Takara, Dalian, China). The relative expression level of MALAT1 in tissues were detected on the LightCycler 480 platform (Roche, Basel, Switzerland) with the specific primer for human MALAT1 (Fw: 5'-AAA GCA AGG TCT CCC CAC AAG-3' and Rv: 5'-GGT CTG TGC TAG ATC AAA AGG CA-3') and Gapdh (Fw: 5'-GAA GGT GAA GGT CGG AGT C-3' and Rv: 5'-GAA GAT GGT GAT GGG ATT TG-3') as an internal control [17] . Data were analyzed by the 2 -ΔΔCt method. Western blot. Protein from the cell lysate was extracted using Radio Immunoprecipitation Assay Lysis Buffer (Beyotime, Shanghai, China) according to the manufacturer's instructions. Western blot was performed as previously described [15] . The protein samples were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and blotted to a polyvinylidene fluoride membrane. The blot was blocked in 5% skim milk for 2 h at room temperature and then incubated in the specific primary antibodies for the factors and their phosphorylation forms in MAPK pathways (ab32091, ab96379, ab32537, ab131438, ab170099, ab45381, ab199380, ab47337, abcam, Cambridge, UK) at 4°C overnight. GAPDH (ab9484) was used as an internal control. After washed in PBS, the blot was incubated in horse reddish peroxidase-conjugated secondary antibodies (abcam) for 2 h at room temperature. Signals were developed by ECL Plus Western Blotting Substrate (Pierce, Carlsbad, CA) and the grayscale of each band relative to GAPDH was compared.
Statistical analysis.
All the experiments were performed in triplicates, and results were represented as the mean ± standard deviation and analyzed by SPSS 19. Pearson's correlation was used to analyze the correlation between MALAT1 expression and tumor size. The other data were analyzed using F test for homogeneity of variance and then t test for statistical difference. The difference between groups was considered significant when P < 0.05.
Results

MALAT1 is elevated in ovarian cancer tissues.
First of all, we compared MALAT1 expression in cancer and normal tissues of ovarian cancer patients by qRT-PCR ( Figure 1A) , and results showed an obviously elevated level of MALAT1 in cancer tissues than normal tissues (P < 0.001), which might imply the potential function of MALAT1 in ovarian cancer cells. Then we associated MALAT1 level with the tumor size of each patient and found that MALAT1 expression was in positive correlation to tumor size: patients with larger tumor sizes tended to possess higher MALAT1 expression levels (r 2 = 0.7770, P < 0.0001, Figure 1B) . We also compared MALAT1 expression between metastasis cancer and in situ cancer, and results indicated that MALAT1 was significantly higher expressed in metastasis cancer tissues than in situ cancer tissues (P < 0.001, Figure 1C ). These results implied that MALAT1 expression level was likely to be related to tumor growth and metastasis of ovarian cancer, so we next examined the influence of MALAT1 on ovarian cancer cell capacities in SK-OV-3 cells.
MALAT1 promotes proliferation, migration and invasion of ovarian cancer cells. In order to examine the role of MALAT1 in SK-OV-3 cells, we overexpressed MALAT1 by TGFB1 treatment and inhibited MALAT1 by siRNA transfection. Results showed that TGFB1 treatment in SK-OV-3 cells significantly promoted MALAT1 expression (P < 0.01) and si-MALAT1 inhibited MALAT1 expression (P < 0.001, Figure 1A ). So the two methods could effectively alter MALAT1 level, and the four cell groups were used in the following experiments.
Viability and proliferation of SK-OV-3 cells were analyzed by MTT and colony formation assay, respectively. MTT results showed that the viability of TGFB1-treated cells was obviously promoted when detected at 24 and 48 h after treatment (P < 0.05, Figure 2B ), and si-MALAT1 had the opposite influence that significantly inhibited cell viability at 24 and 48 h after transfection (P < 0.05, Figure 2C ). Colony formation assay showed similar results: TGFB1-treated cells formed more colonies than blank control, and si-MALAT1 transfection reduced colony number compared to si control ( Figure 2D ). Significant changes were detected when replicated experiments were analyzed (P < 0.01, Figure 2E ). Taken together, these results indicated that knockdown of MALAT1 suppressed cell SK-OV-3 cell viability and proliferation, and that TGFB1-induced MALAT1 overexpression was accompanied by promoted cell viability and proliferation.
Then we analyzed SK-OV-3 cell migration and invasion using Transwell assay. Cell migration results showed that the migrated cells in TGFB1 group were more than blank control, while those in si-MALAT1 group were less than si control ( Figure 3A) . Similar results were acquired in replicated experiments, with significant differences between groups (P < 0.001 or P < 0.01, Figure 3B ). Moreover, TGFB1 treatment induced cell invasion, while si-MALAT1 transfection inhibited cell invasion ( Figure 3C ), both showing significant difference compared to the corresponding control group (P < 0.01 or P < 0.05, Figure 3D ). Taken together, knockdown of MALAT1 inhibited SK-OV-3 cell migration and invasion, and TGFB1-induced MALAT1 overexpression was accompanied by these promoted cell abilities. total protein level of MAPK kinase 1 (MEK1, alias MAP2K1), ERK1 (alias MAPK3), p38 or JNK1 was hardly changed by TGFB1 treatment or si-MALAT1 transfection in SK-OV-3 cells (Figure 4) . However, the phosphorylation forms of the four proteins, namely, p-MEK1, p-ERK1, p-p38 and p-JNK1, were all up-regulated by TGFB1 and down-regulated by si-MALAT1 compared to control groups. Based on these results, knockdown of MALAT1 was able to inhibit the activation of the four MAPK factors, and TGFB1-induced MALAT1 overexpression was accompanied by activation of these factors.
Discussion
As research hotspots in recent year, lncRNAs and their pivotal roles in gene regulation and disease control have received considerable attention. MALAT1 is considered to be a paradigm for lncRNAs in cancer research [18] . We perform a preliminary study on MALAT1 of its expression and roles in ovarian cancer. In vivo MALAT1 level is up-regulated in ovarian cancer tissues. Knockdown of MALAT1 in human ovarian cancer cell line SK-OV-3 suppresses cell viability, proliferation, migration and invasion, as well as the activation of MAPK factors such as MEK1, ERK1, p38 and JNK1.
Based on the results of existed studies, MALAT1 is generally overexpressed in cancer or lesion tissues of pancreatic cancer [19] , unstable angina [20] , colorectal cancer [21] , glioma cancer [22] , amongst others. In pancreatic duct adenocarcinoma, MALAT1 is positively correlated to tumor size, tumor stage, depth of invasion and survival rate of patients [19] . High MALAT1 expression is also correlated with tumor size, tumor stage and lymph node metastasis in cervical cancer [23] , esophageal squamous cell carcinoma [24] and many other cancers [25] , which suggests MALAT1 as a potential biomarker of tumor development and metastasis. In this study on ovarian cancer, MALAT1 was significantly up-regulated in cancer tissues compared to normal tissues, and its expression was in positive correlation to tumor size. Besides, higher MALAT1 level was detected in patients with cancer metastasis. These findings are in consistent with the previous studies on MALAT1, and imply that MALAT1 may be a promising biomarker for tumor growth and metastasis in ovarian cancer.
In multiple myeloma, MALAT1 is capable of promoting the binding of transcription factor Sp1 to latent TGFB binding protein 3 (LTBP3) which regulates the activity of TGFBs [26] . A study in bladder cancer further suggests that TGFB1 promotes MALAT1 expression and epithelial-mesenchymal transition (EMT) [16] , which inspired us to use TGFB1 treatment for the positive regulation of MALAT1 in human ovarian cancer cell line SK-OV-3. As expected, TGFB1 treatment successfully induced up-regulation of MALAT1 in SK-OV-3 cells which were then used together with si-MALAT1-transfected cells for cell capacity assays. Though inverse changing patterns were observed between TGFB1 and si-MALAT groups, it was not certain whether the effect of TGFB1 treatment was purely dependent on the induced MALAT1 overexpression, without affecting other factors. So the results of TGFB1 treatment were considered as a complementary for altered MALAT1 expression.
Previous studies have discussed the relatively conserved functions of MALAT1 in promoting cell proliferation, migration and invasion. MALAT1 induces hematopoietic cell proliferation and helps to maintain the undifferentiated status [27] . It also promotes cell proliferation, migration and invasion, and facilitates tumor metastasis in lung cancer [28] , osteosarcoma [29] , cervical cancer [23] , clear cell kidney carcinoma [30] , breast cancer [31] and esophageal squamous cell carcinoma [24] , thus being a potential target for cancer treatment. Knockdown of MALAT1 in this study suppressed SK-OV-3 cell viability, proliferation, migration and invasion, while TGFB1-induced MALAT1 was associated with promotion in these cell capacities, which implies the pro-proliferation, migration and invasion roles of MALAT1 in ovarian cancer cells. So the function of MALAT1 is conserved in these reported diseases, and MALAT1 is a promising therapeutic target for ovarian cancer treatment.
It is reported that MALAT1 participates in cancer cell modulation via regulating EMT [32, 33] and cancer-related downstream pathways including PI3K/AKT [29] , miR-200s/ ZEB2 [30] , ATM/CHK2 [24] and EZH2 [34] . In this study, knockdown of MALAT1 inhibited the activation of MAPK factors MEK1, ERK1, p38 and JNK1, and MALAT1 overexpression might induce phosphorylation of these factors. MAPK signaling, which mainly consists of MEK/ERK/MAPK, p38/MAPK and JNK/MAPK, is involved in cancer cell proliferation, migration and invasion [35] [36] [37] . This study suggests the three major MAPK pathways are all regulated by MALAT1 in ovarian cancer, which may be one of the functional mechanisms of MALAT1 in cancer modulation. Future studies will focus on the direct association between MALAT1-induced MAPK activation and ovarian cancer cell capacities.
Conclusion
In summary, this study reveals the up-regulation of MALAT1 in ovarian cancer tissues and the promotive effects of MALAT1 on SK-OV-3 cell proliferation, migration and invasion. MALAT1 is a promising biomarker for tumor growth and metastasis for ovarian cancer, as well as a potential therapeutic target for cancer treatment. More efforts will be made to investigate the regulatory mechanism of MALAT1 in ovarian cancer. 
